This study was undertaken to assess the performance of Madras Red sheep fed concentrate feed at different physiological stages such as prior to breeding (14 days), late gestation (last 42 days) and early lactation (first 60 days) and compounded feed for growing lambs up to 120 days of age. The study was conducted at Postgraduate Research Institute in Animal Sciences, Kattupakkam, Tamil Nadu. In this, sixty ewes were selected in the age group of 3 to 5 years and divided into three groups with twenty in each group. The first group was allowed for grazing for seven hours daily from 9.00 A.M to 4.00 P.M and served as control group (G 1 ).The second and third group (G 2 and G 3 ) of animals were supplemented with concentrate feed @ 10% and 20% of their daily dry matter requirement, respectively. The result indicates that the supplementation of concentrate feed to sheep significantly (p<0.05) improved the production and reproduction performance of sheep in terms of body weight gain during late pregnancy and early lactation, conception rate, lambing percentage, birth weight and ADG of lambs in group (G 3 ) when compared to concentrate feed supplementation @ 10 % of dry matter requirement (G 2 ) or nonsupplemented groups (G 1 ). It is concluded that the net profit available per ewe was more in G 3 followed by G 2 and G 1 groups.
INTRODUCTION
The natural pastures could not support the nutrient needs of the animals in most parts of our country. Sheep grazing on such lands are underfed for most part of the year. Hence, the productive and reproductive performances of the animals are low. Biomass yield of the community rangeland is low and livestock stocking density is high in India (Sankhyan et al., 1999) . Majority of the sheep farmers in our country (semi arid region) do not supplement their sheep with concentrate feed even in critical physiological stages (Chaturvedi et al., 2002) . It was observed that limited concentrate supplementation in addition to free grazing on community rangeland substantially improved production performance of ewes (Chaturvedi et al., 2003) and growth performance of lambs (Shinde et al., 1995; Chaturvedi et al., 2000; Santra and Karim, 2002) . Chaturvedi et al. (2010a) reported that the information on the effect of supplementary feeding on nutrient utilization and production performance of lambs, under field conditions is scanty. Therefore, the present study was undertaken to study the effect of concentrate supplementation on performance of Madras Red breed of sheep at different physiological stages.
MATERIALS AND METHODS
The study was conducted at Postgraduate Research Institute in Animal Sciences, Kattupakkam, Tamil Nadu. In this, sixty ewes were selected in the age group of 3 to 5 years and divided into three groups with twenty in each group. The first group was allowed for grazing for seven hours daily from 9.00 AM to 4.00 PM and served as control group (G 1 ).The second and third group (G 2 and G 3 ) of animals were supplemented with concentrate feed @ 10% and 20% of their daily dry matter requirement, respectively during different physiological stages such as prior to breeding (14 days), late gestation (last 42 days) and early lactation (first 60 days) and compounded feed for growing lambs up to 120 days of age. The parameters such as body weight changes during different physiological stages of ewes, conception rate, lambing percentage, birth weight and fortnightly body weight changes of lambs were recorded and subjected to one way ANOVA (Snedecor and Cochran, 1980) statistical analysis and cost benefit analysis was worked out.
RESULTS AND DISCUSSION
Average intake of concentrate feed of ewes during late gestation (last 42 days) and early lactation (60 days) and also for lambs up to 120 days is depicted in Table 1 . The total amount of concentrate consumed by all adult animals in G 2 and G 3 groups were 181.21 kg and 450.47 kg, respectively. Similarly the total amount of concentrate consumed by all lambs up to 120 days of age in G 2 and G 3 groups were 34.33 and 92.72 kg, respectively. (Table 2 ).
The results (Table 3) showed that the changes in body weight (kg) observed in sheep during breeding season (body weight changes before and after 14 days supplementation) were 0.70 ± 0.05, 1.14 ± 0.09 and 1.48 ± 0.21 in G 1 , G 2 , and G 3 , respectively. Similarly body weight (kg) changes observed in sheep during late pregnancy (last 42 days before and after supplementation) were 1.39 ± 0.24, 1.43 ± 0.11 and 1.66 ± 0.17 which is statistically not significant in G 1 , G 2 and G 3 , respectively. The gain in body weight was non-significantly higher in G 2 and G 3 during breeding and late gestation whereas a loss of body weight (kg) was higher in the G 1 during early and mid-lactation. The present findings indicated that the ewes in G 1 and G 2 mobilized their body reserves to meet the additional nutrient requirements of growing foetus, leading to reduction in their body weight (Santra and Pathak, 1999) . Similar trends in body weight gain in sheep maintained on community land of Rajasthan and supplemented with concentrate feed was reported (Chaturvedi et al. 2003 and . Out of twenty sheep (Table 4) al., 2011) and 76.83 to 85.56% in farmers flock was reported (Balasubramanyam et al., 2010 and 2012) . During early lactation (60 days before and after supplementation) the loss of body weight (kg) in G 1 and G 2 were 3.9 ± 0.64, 0.76 ± 0.29 whereas the G 3 group gained 0.52 ± 0.33 which was statistically significant (P<0.05). The present findings indicate that the ewes in G 1 and G 2 mobilized their body reserves to meet the additional nutrient requirements of lactation, leading to reduction in their body weight (Idris et al., 2010) . Significantly (P<0.05) higher birth weight of lambs were recorded in G 2 and G 3 (2.77 ± 0.07, 2.83 ± 0.04) than G 1 (2.6 ± 0.08). Improvement in birth weight of lambs due to supplementation of concentrate feed during late gestation period have been reported by Shinde et al. (1996) ; Chaturvedi et al. (2003; a ). The birth weight (kg) of lambs recorded by various authors (Sivakumar et al., 2009; Balasubramanyam et al., 2011 and 2012) in Madras Red sheep under field condition ranged from 2.69 ± 0.01 to 2.9 ± 0.01 with mean value of 2.76 ± 0.01.
The body weight of lambs recorded at fortnightly intervals (Table 5 ) up to 120 days of age showed that the body weight of lambs belonging to G 2 and G 3 were significantly (P<0.05) higher than G 1 at different stages of growth. The ADG (g) was higher in supplemented group G 2 (51.71) and G 3 (61.07) as compared to non-supplemented G 1 (41.19) during the pre-weaning (0 to 90 days) phase. Similarly, during the post weaning (91 to 120 days) phase also, the ADG (g) was high in G 2 (68.55) and G 3 (73.52) as compared to G 1 (54.7). The improved body weight gain recorded in this study might be due to supplementation of concentrate as observed by Chaturvedi et al. (2010b) ; Chaturvedi et al. (2011) . The ADG (g) of lambs of Madras Red breed sheep reported ranged from 69.2 to 73.78 during pre-weaning period (Sivakumar et al., 2009; Devendran et al., 2009) . Chaturvedi et al. (2000) concluded that under field conditions providing supplement in the form of concentrate mixture @ 1% of the body weight to lambs is beneficial.
The cost benefit analysis of concentrate supplementation for sheep production under semi intensive system of management is presented in Table 6 . The total amount of concentrate consumed by sheep during different physiological stages viz. breeding season, late pregnancy, early lactation and also the total amount of concentrate consumed by growing lambs up to 120 days of age were taken into account while calculating the cost benefit. Similarly, the additional weight obtained in G 2 and G 3 when compared to G 1 were taken into account while calculating the net profit available. The total amount of concentrate consumed by all animals during breeding season, late pregnancy, early lactation was 181.21 kg in G 2 and 450.47 kg in G 3 . The additional body weight gain of all lambs was 21.42 kg in G 2 and 43.86 kg in G 3 over the control group. The net profit available was Rs. 11269.64 for G 2 and Rs.18100.82 for G 3 . The net profit per ewe was Rs.563.48 in G 2 and Rs.905.04 for G 3 . The published literatures are mostly based on studies comparing various feed combination under semi intensive and intensive system of production (Karim and Verma, 2001; Santra and Karim, 2002) while few reports are based on lamb rearing for mutton production under extensive range management (Sankhyan et al.,1996; Singh et al., 2005) . Extensive range management is the dominant sheep production system in the country while the developed system of intensive feeding and grazing with supplementation has applicability for commercial mutton production (Karim, 2004) . However, Porwal et al. (2005) studied the relative economics of lamb rearing for mutton production under extensive, semi intensive and intensive system of feeding management on weaner lambs. They maintained three groups under extensive (G1), semi intensive (G2) and intensive system (G3) of feeding management. They found that the finishing weight, total gain in the experiments as well as ADG were higher (P<0.01) in G2 and G3 than G1. During the study period of 92 days other expenditure on account of grazing charge and health coverage (Rs65/ animal) was similar in G1 and G2 while in G2 additional expenditure was incurred in terms of cost of concentrate input (Rs.276.23/animal). In G3 the cost of complete feed, labour charge and health coverage was Rs. 264, 20, 5 /animal, respectively. Accordingly the total expenditure of rearing lamb to marketable age was Rs. 737, 1005, and 941/animal, respectively, in G1, G2 and G3. The net balance after deducting total investment in lamb rearing under three system of feeding management was Rs. 266.35, 322.15 and 306 .51/ lamb in three months period. After deducting the expenditure from the receipt, net balance of Rs. 867, 1179 and 1235 could be harvested in G1, G2 and G3 in three months period provided the finisher lambs are disposed off by slaughter rather than sale of live animals. They concluded that production traits, economic realization and net balance were higher under semi intensive and intensive feeding than extensive range management.
CONCLUSION
From this study, It was concluded that supplementation of concentrate feed to sheep @ 20 % of dry matter requirement (G 3 group) during critical stages of reproduction such as prior to breeding (14 days), late gestation (last 42 days) and early lactation (first 60 days) significantly (p<0.05) improved the production and reproduction performance of sheep in terms of body weight gain during late pregnancy and early lactation, conception rate, lambing percentage, birth weight and ADG of lambs when compared to concentrate feed supplementation @ 10 % of dry matter requirement (G 2 ) or non-supplemented groups (G 1 ). Further the net profit available per ewe was more in G 3 followed by G 2 group.
